Governorate to compare two irrigation methods, surge (SI) and alternate (AI) with traditional furrow irrigation method (FI) in relation to two tillage systems, conventional (CT) and no-tillage (NT) on water use efficiency and crop yield production of soybean. In both seasons, the lowest amount of irrigation water was applied with AI treatments, whereas, the highest amount of irrigation water was applied with FI treatments. The irrigation water amounts were saved by using AI and SI methods. The AI and SI saved about 29.0 % and 15.0 % of water applied in comparison with FI under CT and NT systems. Irrigation water productivity (IWP) and crop water use efficiency (CWUE) were higher when applying AI compared to SI and FI under both tillage systems. Surge irrigation had the potential to improve irrigation application efficiency (AE) followed by AI compared to FI. The highest seed yield and yield attributes were obtained with FI followed by SI and AI in both seasons, respectively. Significant differences in seed yield, yield attributes and plant growth characteristics were found only between FI and AI under CT and NT. The SI surpasses the AI in obtaining higher seed yield, yield attributes without any significant reduction of soybean yield. These results suggesting that an extra irrigation water amount may be saved without any significant loss in yield of soybean when applying SI method under both tillage systems. The results also showed the effect of CT on reducing applied water and increasing irrigation water productivity and crop water consumptive use compared to NT. However, no significant difference between the two tillage systems in yield and yield attributes was found. Values of ETc should be adjusted according to the used irrigation and tillage methods. The crop water stress index (CWSI) has proven to be a good indicator for monitoring and quantifying water stress of soybean with different irrigation methods and tillage systems. Irrigation and seedbed preparation are major factors in crop production. Any chosen irrigation and tillage methods should aims at maximizing crop yield.
Therefore, improving irrigation water productivity in agriculture sector, as the main water user, is the key factor in resolving water shortage problems. A great effort has been made on saving water in agriculture, especially in optimizing irrigation methods. Surface irrigation according to the FAO (2012) , is the oldest and most widely used method for irrigating agricultural lands across the world and the water use efficiencies of surface irrigation methods are significantly low in case of improper or insufficient field preparations. Pereira et al. (2002) and Norwood & Dumler (2002) reported that identifying proper measures and practices, including irrigation water saving practices is required for the water scarcity regimes to increase water productivity and reduce costs. Several effective irrigation management patterns were achieved such as, limited irrigation and surge flow irrigation (Horst et al., 2007) . Surge and alternative irrigation methods are used to reduce the negative impacts of over irrigation due to surface irrigation, (Xiao et al., 2004) . When comparing surge irrigation and conventional furrow irrigation, the surge irrigation flow with variable time cycles increased the application efficiency and reduced water volume by more than 80% compared to continuous irrigation (Rodriguez et al., 2004) . Mostafazadeh -Fard et al. (2006) indicated that water advance along the furrows was faster for surge flow as compared to the continuous flow. Ali and Talukder (2008) also indicated that using surge irrigation increased water productivity in crop production. Therefore, Jensen and Shock (2001) and Sial et al. (2006) , considered surge irrigation as a strategy for furrow irrigation. In respect to alternate irrigation method, Tang et al. (2005) and Du et al. (2006) found that alternate irrigation may maintain a reasonable crop yield and save irrigation water; it has been proved to be an effective irrigation way for many crops in many areas. Agele et al. (2002) pointed that the relationship between soil and water requirements of crops is basic to understand adaptation and yield stability. Benjamin et al. (1997) found that the placement of irrigation water either in every furrow or only in alternate-furrow had no effect on corn plant development, growth or grain yield. However, Li et al. (2007) found that alternative irrigation decreased total dry mass of sweet maize by 6.7% and increased water use efficiency by 24.3% compared to conventional irrigation under the fertilization and well-watered condition. Kang and Zhang (2004) reported that advanced irrigation methods that increase irrigation water efficiency and provide a balance between the crop water requirements and available water of the soil should be applied through soil tillage practices to maximize their benefits on soil productivity. Tillage methods affect the sustainable use of soil resources through its influence on soil properties, proper tillage can improve soil related constraints, while improper tillage may cause a range of undesirable processes such as destruction of soil structure, depletion of organic matter content and fertility (Rashidi et al., 2010) . The no-till (NT) and the conventional tillage (CT) systems have been found to have large influence on soil moisture and crop yields (Agriculture and Rural Development, 2004) . The effect of tillage methods on yield of soybean is inconsistent, it has been reported to be variable among years (Norwood, 1999 and Singer et al., 2008) or higher with NT, (Temperly and Borges, 2006) or higher with CT, (Fecak et al., 2010 and Lasisi & Aluko, 2009 ). Therefore, Jabro et al. (2009 indicated that it is essential to select a tillage practice that sustains the soil physical properties required for successful growth of agricultural crops. In recent years, soybean production has gained importance and it is produced in largest amounts in the world, it is an annual legume that is primarily produced to be used as food or as a source of edible oil for human consumption (Liener, 1994 and Balat & Balat, 2010) . The integration of appropriate tillage and irrigation systems is a challenge in order to maximize their benefits on soil productivity. The objectives of this study were to compare the effect of three irrigation methods in relation to two tillage systems on water productivity, crop water use efficiency, yield and yield attributes of soybean crop. 
Material and Methods

Description of the study area
Experimental design and general preparations
The experimental area was 600 m 2 designed as randomized complete block design with three replications. The area of study was divided into two blocks each of the blocks was further divided into three subplots of 20 m long and 5 m wide. A buffer of 1.5m in width was between plots.
Soil sampling
The soil physical and chemical properties were measured at the initiation of the experiment. Soil samples were taken randomly from depths of 0-20, 20-40 and 40-60 cm, respectively. The physical properties: bulk density, field capacity and wilting point (Table 1) were determined according to Klute (1986) . The chemical properties: pH, electrical conductivity and organic matter content (Table 2) were determined according to page et al. (1982) .
Irrigation and tillage treatments
The adopted treatments were as follows:
2-Sub-plot (irrigation methods)
I-Traditional furrow irrigation (FI), in which every furrow is irrigated. II-Surge-furrow irrigation (SI), in which the water is cycled on and off (15 minon -times and 10 min -off -times) during each irrigation. III-Alternate-furrow irrigation (AI), in which irrigated furrow in irrigation event will be un-irrigated in the next irrigation events and vice versa for the following irrigation. Irrigation water applied (IWa) Irrigation water applied (IWa) was controlled through measurements of the soil moisture content in the subsequent soil depths [0-20, 20-40 and 40-60 cm] by using the gravimetric method. All the plots were irrigated when the soil available moisture content in the soil profiles was depleted to 50%. The irrigation water amounts were measured using a rectangular shape crested weir. The discharge of irrigation water was calculated using the following formula according to Massoud (1967) 
Irrigation water productivity (IWP)
Irrigation water productivity (IWP) was calculated according to Jensen (1983) 
Water consumptive use (WCU)
Water consumptive use (WCU) was calculated using the following equation according to Hansen et al. (1979) . 
Crop water use efficiency (CWUE)
Crop water use efficiency (CWUE) was calculated according to Jensen (1983) , as follows:
where, Y = Total seed yield (kg/fed.) WCU = Water consumptive use (m 3 /fed.)
Water stored at the root zone (Ws)
Water stored at the root zone (Ws) was determined by taking soil sample two weeks after tillage application and at 10 days intervals until harvest. Samples were taken by auger from each layer then the volumetric water content was multiplied by the thicknesses of the respective soil layers.
Irrigation application efficiency (AE)
Irrigation application efficiency (AE) was calculated according to James (1988) 
Reference evapotranspiration (ETo)
The climatic data collected from the meteorological station close to the experimental crop field. The reference evapotranspiration (ETo) calculated using The FAO Penman-Monteith equation (Table 3) according to Allen et al. (1998) .
Crop water requirements (ETc)
Crop water requirements (ETc) were estimated according to Allen et al. (1998) Crop coefficient (Kc) Crop coefficient (Kc) was calculated using the following equation according to Allen et al. (1998) : Kc = ETa/ ETo where, ETa = actual evapotranspiration.
Crop water stress index (CWSI)
Crop water stress index (CWSI) expressed in terms of evapotranspiration based on Jackson et al. (1981) . CWSI=1-ETc/ ETo where, ETc = The actual crop evapotranspiration. ETo = The reference evapotranspiration.
In theory, CWSI progress from zero for non-stressed plants to 1 for severely stressed plants.
Planting
Soybean (Glycine max L.) seeds variety of (Giza 111) were sown on 3 and 10 May of the first and second seasons, respectively, and harvested on September 1 and 5 of the first and second seasons, respectively. The seeds were sown at a row spacing of 20 cm. All recommended agricultural practices and fertilization regime for soybean production were done according to the recommendation of the Ministry of Agriculture.
At harvest, ten individual plants were chosen at random from each plot for measurement of number of pods/ plant, 100-seed weight (gm), plant height (cm) and shoot weight (gm). The seed yield (kg/fed.) was estimated from an area of (1 m 2 ).
Statistical analysis
Data of the different treatments was subjected to analysis of variance (ANOVA) and the treatments means were compared using the LSD at 0.05 level according to Gomez and Gomez (1984) . The t-test was also used to establish the significant difference of Kc, ETc and CWSI for the different treatments. CROPWAT for Windows Version 8.0 was used to estimates ETo from the weather station data.
Results and Discussions
Irrigation water applied (IWa) and water consumptive use (WCU)
Data of the amounts of irrigation water applied (IWa) and measured seasonal water consumptive use (WCU) for all irrigation methods and tillage treatments during the two growing seasons were presented in Table 4 . The data showed the significant effect of irrigation methods on the irrigation water applied. The highest amount of irrigation water was recorded with FI treatments; while the lowest ones were recorded with AI treatments during the two successive seasons. The SI treatments received lower amount of irrigation water than FI. Irrigation water applied with SI was lower by about 15.0 % compared to FI. On the other hand, the AI reduced applied irrigation water by 29.0 % compared to FI. These results are in agreement with Li et al. (2007) , Abdel-Maksoud et al. (2002) and El-Sherbeny et al. (1997) . The results revealed that it is possible to limit the amount of applied irrigation water, when there is a water shortage, by using alternative irrigation method. The data also showed that irrigation water applied under NT was higher than CT. Ghazanfar et al. (2010) explained that the significant increase in applied water under NT may be due to the higher evaporation during the growing period. The highest water applied was accompanied with the highest consumptive use obtained with FI treatments, which consumed more water than SI and AI treatments. The increase in WCU was due to the higher water application with FI which provides chance for more consumption of water that ultimately resulted in increasing WCU. Seasonal WCU were ranged between 2265 -1661 m 3 and between 2280-1679 m 3 under CT in the first and second seasons, respectively. Whereas, under NT ranged from 2360 -1702 m 3 and from 2380-1723 m 3 in the first and second seasons, respectively. Khan et al. (2003) and Öz, (2008) reported that water consumption of soybean was between 1890-2940 m 3 based on water stress levels. In this concept, the AI treatments reduced WCU by 26.7 % and 27.9 %, whereas, SI treatments reduced WCU by 10.82% and 12.29% under CT and NT, respectively in comparison to FI. The WCU under CT was lower than WCU under NT. Tillage affects water consumption by changing soil permeability, evaporation water consumption of plants. The total applied irrigation water and the water consumptive use values of all treatments were close in both seasons, that of the second year being slightly higher. This may be attributed to differences in climatic conditions and planting date. A strong linear relationship between WCU and applied irrigation amount (R2 =0.98) was found. The regression equation was as follows: WCU = 179.10+0.72 IWa . 
Irrigation water productivity (IWP)
Effect of irrigation methods and tillage systems on IWP is shown in Table 5 . The IWP evaluates the efficiency of water utilization by the crop, depending upon the total water applied and seed yield obtained. The highest IWP (0.62 and 0.59 in the first season and 0.58 and 0.55 in second ones under CT and NT, respectively) was obtained with AI in comparison to FI and SI. The AI increased IWP by about 26.0% and 12.0% compared to FI and SI, respectively under both tillage systems. The AI yielded higher IWP values since AI consumed less water than FI and SI methods. These results concluded that the effect of AI on increasing IWP was more than the effect of SI. Significant differences among irrigation methods on IWP under both tillage systems were found. Arora et al. (2011) indicated that the IWP of soybean was affected by irrigation and tillage methods. On the other hand, IWP under CT was higher than under NT; the increase in IWP was about 7.8% and 8.2% compared to NT in the first and second seasons, respectively. However, no significant difference in IWP was found between the two tillage systems. Howell (2001) indicated that depletion of water resources has led to improvements in water productivity through enhanced management practices and irrigation. The regression equation for the relationship between IWP and irrigation water applied (IWa) was obtained as follows: IWP = 0.878 -0.00014 IWa. A highly significant inverse relationship between them was obtained (R 2 = 0.92).
Crop water use efficiency (CWUE)
Data presented in Table 5 show the crop water use efficiency (CWUE) under different irrigation methods and tillage systems. The highest CWUE in both seasons was obtained with alternative furrow irrigation followed by surge irrigation compared to continuous furrow irrigation at the two seasons. These results demonstrated that the crop water use efficiency increased with the decrease of water applied and the increase of water consumption. Therefore, applying AI method could enhance CWUE followed by SI method for soybean crop. This was in agreement with Okasha et al. (2013) . The increase in CWUE with AI and SI may be due to reducing transpiration water loss of soybean plants and soil water consumption compared to FI. The CWUE was affected by the tillage methods; CWUE was higher with CT treatments than NT. Statistically, a significant difference was found in CWUE between the two tillage systems. The results indicated that AI and SI optimizing crop water use efficiency under both tillage systems compared to FI method. This result agreed with Rosegrant et al. (2002) . 
Water stored in the root zone (WS)
Data of soil water stored (WS) in the upper 60 cm of soil depth, is presented in Fig. 1 . The WS in the root zone increased as the irrigation amounts increased. Water stored in the root zone followed the order of FI > SI > AI under both tillage systems in both seasons. Stored water under FI was higher by 11.5 % and 39.2 % under CT and by 14.7 % and 41.9 % under NT as compared to SI and AI, respectively. The WS under NT treatments was higher than WS under CT treatments. The increase in water stored under NT treatments was due to the effect of NT on retaining more water in the root zone of the soil. Hatfield et al. (2001) explained that in no-tillage system, WS in the soil profile is generally more as compared to CT, due to reduced soil evaporation, increased infiltration, reduced deep percolation and due also to the increase in soil organic matter. Statistically, significant differences between FI and each of SI and AI and also between SI and AI were obtained, (LSD 5% 90.58). Moreover, the WS of the first season was lower than those of the second one. This may be due to the difference in the amounts of irrigation water applied and environmental conditions. Table 6 illustrates irrigation application efficiency (AE) for irrigation methods under tillage and no-tillage systems. The highest AE (80 and 81 in the first season and 81 and 82 in the second one) was recorded with SI, whereas the lowest AE was recorded with FI (74 and 76 in the first season and 76 and 78 in the second one). These results are in agreement with Mohmed et al. (2014) and Horst et al. (2007) . The highest AE obtained with SI revealed that lower amount of applied water was wasted or was not available for the crop as compared to FI. This result may be attributed by the fact that surge technique offered greater opportunity time for water to infiltrate in the soil. In contrast, the lowest AE of FI resulted from the non uniform distribution and excessive waste of water. The increase in AE was also obtained with AI as compared to FI. A significant difference between FI and AI was found under both tillage systems in both seasons. In respect to tillage systems, AE increased with NT treatments as compared with CT treatments. However, no significant difference in AE between CT and NT treatments was found. These results indicated that surge irrigation proved to be more effective to improve water irrigation efficiency for soybean crop. Yield of soybean Figure 2 shows the effect of different irrigation and tillage methods on yields of soybean during the two studied seasons. The seed yield ranged from 1421 to 1235 Kg/fed. in the first season and from 1410 to 1206 Kg/fed. in the second one for the different irrigation and tillage methods. Data illustrated that seed yield was higher when applied irrigation water increased. The increase in seed yield followed the order of FI >SI > AI under both tillage systems in both seasons. As for the effect of SI, the seed yield was insignificantly reduced in comparison to FI. On the other hand, seed yield with SI was higher than the seed yield obtained with AI. The increase in seed yield with SI was 8.12 % and 7.37 % in the first season and 10.10% and 9.20% in the second one under CT and NT, respectively in comparison to AI. Dealing with the effect of AI on seed yield, under CT, AI reduced seed yields by 9.4% and 7.5% in the first season and by 11.2% and 9.1% in the second ones as compared to FI and SI, respectively. The same results were obtained with the second season. A significant difference between FI and AI was found whereas, no significant difference was found between FI and SI or between SI and AI in both seasons. These results revealed that soybean crop will suffer yield loss when applying alternative method due to water deficit compared to FI and SI. The SI maintained a reasonable crop yield as compared with AI therefore; surge irrigation method is beneficial for saving water without significant yield loss. The increase in seed yield under FI is mainly due to enough existence soil moisture in the root zone, whereas, the reduction of soybean yield with SI and AI could be attributed to soil water shortage with these methods. The yield of soybean responded positively (R2=0.69) to irrigation water applied (IWa) as follows: Yield = 918.40 + 0.16 IWa. A positive linear relationship (R 2 = 0.68 ) was also obtained between the water consumptive use (WCU) and yield of soybean for the two seasons as follows: Yield= 886.40+ 220.2 WCU . Dealing with the effect of tillage systems, the seed yield under CT, increased by 6.2 % and 5.4% over NT in the first and second seasons, respectively. This may be explained that tillage improves soil conditions by altering soil structure, moisture holding capacity, mechanical impedance to root penetration, aggregate size distribution and hydraulic conductivity which in turn, affects plant growth. The combination between FI and CT recorded the highest seed yield in both seasons. Whereas, the combination between AI and NT recorded the lowest seed yield. 
Irrigation application efficiency (AE)
Yield attributes
The effect of irrigation methods and tillage systems on some plant growth characteristics (plant height and shoot weight) and yield attributes (number of pods/plant and 100 seed weight) of soybean during the two growing seasons are shown in Table 7 . The changes in yield attributes with irrigation methods were due to the changes in irrigation method performance. The FI might have favored the progressive growth of plant as better soil moisture was maintained and significantly increased the studied components of soybean as compared to SI and AI. Applying AI method enlarged the reduction percentage at all studied plant characteristics and yield attributes of soybean with respect to FI and SI methods. A significant difference between FI and AI was found in plant height and shoot weight, no of pods and 100-seed weight in both seasons while, the difference between SI and AI was not significant under both tillage systems in both seasons. The data also showed that the ETc values is modified by the tillage system, the ETc under NT were higher than CT. Also the estimated ETc for the second season was higher than the first one. This is mainly attributed to the lower values of ETo in the second season compared to the first one. A significant difference in ETc values among irrigation methods was obtained as shown in Table 9 .
Crop water stress index (CWSI) Table 8 shows the crop water stress index (CWSI) for the different irrigation and tillage treatments. The CWSI is an index detecting crop water stress and it quantifies the combined effects of soil water, atmospheric and crop conditions on crop water status. The CWSI should progress from zero for non-stressed plants, to 1 for severely stressed plants. The obtained CWSI values ranged from 0.24 to 0.46 for the first season and 0.18 to 0.42 for the second one with different irrigation methods under the two tillage systems. The obtained CWSI values indicated that plants of soybean were subjected to appropriate irrigation conditions. However, AI treatments had the highest CWSI values. The lowest CWSI values were recorded with FI and SI treatments, respectively under both tillage systems in the first and second seasons. The highest CWSI values indicated that plants of soybean were subjected to conditions of water stress. A significant difference in CWSI between the FI and AI was found whereas, no significant difference between FI and SI was found (Table 9 ). 
Conclusion
The results concluded that soybean yield depends on the total water applied during the growing season. The FI had higher yields than SI and AI due to sufficient supplied water in FI. Surge and alternative irrigation prove to be a water saving methods. The two methods increased irrigation water productivity, crop water use efficiency and irrigation application efficiency in comparison to continuous irrigation. However, AI increased IWP and CWUE, it may not be a beneficial practice in increasing soybean yield significantly in comparison with FI method whereas, surge flow irrigation method maintained yield comparable with continuous flow irrigation method. The results also showed that no-tillage system can be applied as it reduces production costs relative to conventional tillage (CT). 
‫الميا‬ ‫إستخدام‬ ‫كفاءة‬
